Atty. Docket No.: 095309.53250US 



INTERNAL COMBUSTION ENGINE WITH AN EXHAUST GAS 
TURBOCHARGER AND AN EXHAUST GAS RECIRCULATION DEVICE AND 

METHOD OF OPERATING SAME 

BACKGROUND AND SUMMARY OF THE INVENTION 
[0001] This invention relates to an internal combustion engine with an exhaust gas 

turbocharger and an exhaust gas recirculation device. Preferred embodiments of the 

invention relate to an internal combustion engine having an exhaust gas turbocharger and 

an exhaust gas recirculation device, whereby the internal combustion engine has a 

plurality of cylinders and each cylinder of the internal combustion engine has at least one 

intake valve and at least one outlet valve, and a compressor of the exhaust gas 

turbocharger is assigned to an inlet and an asymmetrical exhaust gas turbine of the 

exhaust gas turbocharger is assigned to an outlet of the internal combustion engine; the 

compressor is connected to the inlet via a charge air line; the exhaust gas turbine has two 

intake ports with different flow cross sections that are separated by a partition, each 

intake port being connected to the outlet through its own exhaust gas inlet line, whereby 

each exhaust gas inlet line is assigned a partial number of cylinders of the internal 

combustion engine, and an exhaust gas recirculation line leads from the exhaust gas inlet 

line of the intake port having the smaller flow cross section to the charge air line. 

[0002] Supercharged internal combustion engines are known, in particular supercharged 
diesel engines, which are equipped with an exhaust gas recirculation device to improve 
exhaust performance. The exhaust gas recirculation by means of the exhaust gas 
recirculation device reduces NOx emissions in particular. Such internal combustion 
engines have an exhaust gas turbocharger with a compressor allocated to an inlet and an 
exhaust gas turbine allocated to an outlet of the internal combustion engine. The exhaust 
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gas turbine and the outlet are connected by at least one exhaust gas inlet line, with an 
exhaust gas recirculation line of the exhaust gas recirculation device branching off from 
the exhaust gas inlet line. The exhaust gas recirculation line opens into a charge air line 
connecting the compressor to the inlet. An exhaust gas recirculation valve is provided in 
the exhaust gas recirculation line, the exhaust gas recirculation being controllable via this 
valve. 

[0003] U.S. Patent 4,179,892 (corresponding German Patent DE 28 55 687 C2) describes 
an internal combustion engine, the exhaust gas turbine having two separate intake ports 
(referred to as scroll channels in this publication) and a exhaust gas inlet line (referred to 
in the publication as an exhaust gas line) being provided for each intake port. The exhaust 
gas inlet lines connect the intake ports to the outlet of the internal combustion engine. 
Each exhaust gas inlet line is connected separately from the others to a partial number of 
cylinders of the internal combustion engine. The intake ports have different flow cross 
sections. The exhaust gas recirculation line branches off from the exhaust gas inlet line 
that is provided for the intake port having the smaller flow cross section. The flow cross 
section of the intake port and/or the exhaust gas inlet line is advantageously selected to be 
so small that there is a negative purging gradient, so at least some of the exhaust flows 
through the exhaust gas recirculation line into the charge air line. The recirculated 
exhaust is distributed uniformly among the cylinders. 

[0004] The negative purging gradient results in inferior purging and/or an increase in 
internal exhaust gas recirculation of the cylinders that supply the exhaust gas 
recirculation device. 
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[0005] It has been found that with a uniform distribution of the recirculated exhaust gas 
to all the cylinders of the internal combustion engine, the exhaust from the cylinders 
supplying the exhaust gas recirculation device has a lower NOx concentration and a 
higher CO concentration in the exhaust than the cylinders that do not supply the exhaust 
gas recirculation device. The higher CO concentration is an indicator of a low lambda 
value, which is associated with increased emissions of carbon black and/or particulate 
matter in diesel engine combustion. 

[0006] An object of the present invention is to make available an internal combustion 
engine of the type referred to above, so that the emissions of this internal combustion 
engine are distributed uniformly over all its cylinders. 

[0007] This object is achieved according to certain preferred embodiments of the 
invention by providing an internal combustion engine having an exhaust gas turbocharger 
and an exhaust gas recirculation device, whereby the internal combustion engine has a 
plurality of cylinders and each cylinder of the internal combustion engine has at least one 
intake valve and at least one outlet valve, and a compressor of the exhaust gas 
turbocharger is assigned to an inlet and an asymmetrical exhaust gas turbine of the 
exhaust gas turbocharger is assigned to an outlet of the internal combustion engine; the 
compressor is connected to the inlet via a charge air line; the exhaust gas turbine has two 
intake ports with different flow cross sections that are separated by a partition, each 
intake port being connected to the outlet through its own exhaust gas inlet line, whereby 
each exhaust gas inlet line is assigned a partial number of cylinders of the internal 
combustion engine, and an exhaust gas recirculation line leads from the exhaust gas inlet 
line of the intake port having the smaller flow cross section to the charge air line, wherein 
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the distribution of the recirculated exhaust among the individual cylinders of the internal 
combustion engine is different, whereby a partial number of the cylinders of the internal 
combustion engine receives all or most of the recirculated exhaust, and the remaining 
cylinders receive little or none of the recirculated exhaust. 

[0008] Preferred embodiments of the inventive internal combustion engine are 
characterized by the different distribution of the recirculated exhaust among the 
individual cylinders of the internal combustion engine, whereby a partial number of 
cylinders of the internal combustion engine receive all or most of the recirculated 
exhaust, and the remaining cylinders receive little or none of the recirculated exhaust. 
The internal combustion engine has an exhaust gas turbocharger with an asymmetrical 
exhaust gas turbine. The asymmetrical exhaust gas turbine has two intake ports that have 
different flow cross sections. One flow cross section is selected to be so small that it 
results in a negative flow gradient on the partial number of cylinders that are connected to 
the intake port having the smaller cross section. Therefore, the exhaust from these 
cylinders can be recirculated by means of an exhaust gas recirculation device. Due to the 
negative purging gradient, the purging of the cylinders supplying the exhaust gas 
recirculation is altered so that more exhaust remains in the cylinders supplying the 
exhaust gas recirculation device and/or flows back into them than into the cylinders that 
do not supply the exhaust gas recirculation device (internal exhaust gas recirculation). To 
equalize the ratio of the charge air required for combustion and the exhaust recirculated 
from the internal exhaust gas recirculation and via the exhaust gas recirculation device 
among the cylinders of the internal combustion engine, the cylinders that do not supply 
the exhaust gas recirculation device receive the largest amount of the exhaust recirculated 
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via the exhaust gas recirculation device. The cylinders supplying the exhaust gas 
recirculation device accordingly receive the smallest amount or none of the exhaust 
recirculated via the exhaust gas recirculation device. This makes it possible to keep NOx 
emissions at a required level and to lower CO emissions at the same time, which is 
reflected in reduced soot emissions and/or particulate emissions. 

[0009] Advantageous refinements of and improvements on the above discussed preferred 
embodiments of an internal combustion engine are described herein and in the claims. 

[0010] In certain preferred embodiments of this invention, the cylinders that do not 
supply the exhaust gas recirculation device receive the largest amount or all of the 
recirculated exhaust and the cylinders supplying the exhaust gas recirculation device 
receive the smallest amount or none of the recirculated exhaust. In an expedient 
embodiment of this distribution, the cylinders not supplying the exhaust gas recirculation 
device receive 70% of the exhaust recirculated via the exhaust gas recirculation device. 
The cylinders supplying the exhaust gas recirculation device receive 30% accordingly. 

[0011] In certain other preferred embodiments of this invention, the internal combustion 
engine is designed in the form of an in-line design having four or six cylinders, whereby 
the partial number of cylinders not supplying the exhaust gas recirculation device 
amounts to at least half of the cylinders of the internal combustion engine. Due to the 
negative purging gradient on the cylinders supplying the exhaust gas recirculation device, 
the efficiency drops, since the purging of the cylinders is inferior. The loss of efficiency 
can be compensated by optimized charge cycle of the cylinders that do not supply the 
exhaust gas recirculation device. In order not to have a negative effect on the overall 
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efficiency of the internal combustion engine, the partial number of cylinders supplying 
the exhaust gas recirculation device is limited to half of the cylinders of the internal 
combustion engine at most. 

[0012] In certain other preferred embodiments of this invention, an exhaust gas 
recirculation valve in the form of a throttle valve is provided in the exhaust gas 
recirculation line. The exhaust gas recirculation valve is controllable by means of a signal 
line of a control unit of the internal combustion engine. The exhaust gas recirculation can 
thus be controlled by means of the exhaust gas recirculation device and can be adapted to 
an engine characteristics map of the internal combustion engine. 

[0013] In certain other preferred embodiments of this invention, the valve control times 
of the intake valves and/or the outlet valves of the individual cylinders of the internal 
combustion engine are different, whereby the cylinders supplying the exhaust gas 
recirculation device have shorter valve overlap times or none at all in comparison with 
the cylinders that do not supply the exhaust gas recirculation device. The valve control 
times of the intake valves and the outlet valves in internal combustion engines usually 
have a valve overlap, i.e., the intake opens before the outlet closes. Due to this valve 
overlap, there is internal exhaust gas recirculation, in particular when there is a negative 
purging gradient. Due to opening of the intake, the pressure in the cylinder space drops 
below the exhaust gas pressure and exhaust gas remains in the cylinder space or flows 
back out of the outlet. The degree of internal exhaust gas recirculation can be influenced 
with the design of the valve overlap times and decreases with shortening of the valve 
overlap times in an advantageous manner. 
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[0014] In certain other preferred embodiments of this invention, the valve control times 
of the intake valves of the cylinders supplying the exhaust gas recirculation device are 
retarded. The valve control times are advantageously retarded by five degrees of crank 
angle with a uniform valve lift diagram. 

[0015] Other features and combinations of features are derived from the description and 
the drawing. A concrete exemplary embodiment of this invention is shown in simplified 
form in a drawing and explained in greater detail in the following description. 

[0016] Other objects, advantages and novel features of the present invention will become 
apparent from the following detailed description of the invention when considered in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Figure 1 shows a schematically simplified diagram of the inventive internal 
combustion engine according to a single exemplary embodiment; and 

[0018] Figure 2 shows a simplified diagram of the valve control times of the inventive 
internal combustion engine. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0019] Figure 1 shows a first embodiment of an inventive internal combustion engine 1. 
The internal combustion engine 1 is preferably designed as a diesel engine in series 
design and has an exhaust gas turbocharger 2 and an exhaust gas recirculation device 3. 
The exhaust gas turbocharger 2 has a compressor 4 and an asymmetrical exhaust gas 
turbine 5. The compressor 4 and the exhaust gas turbine 5 are connected to one another 
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rotationally by a shaft 6. The compressor 4 is assigned to an inlet 7 and the asymmetrical 
exhaust gas turbine 5 is assigned to an outlet 8 of the internal combustion engine 1 . 

[0020] The compressor 4 is connected to the inlet 7 via a charge air line 9. A charge air 
cooler 10 is provided in the charge air line 9. The inlet 7 has an air charging distribution 
tube 11 from which at least one air charging channel 12, 13, 14, 15, 16, 17 leads to a 
cylinder 18, 19, 20, 21, 22, 23 of the internal combustion engine 1. The cylinders of the 
internal combustion engine 1 each have at least one intake valve (not shown) and an 
outlet valve (not shown). The charge air line 9 opens into the charge air distribution tube 
11. 

[0021] The asymmetrical exhaust gas turbine 5 has two intake ports 24, 25 which are 
separated from one another by a partition 26 and have different flow cross sections. Each 
inflow channel 24, 25 is connected to a separate exhaust gas inlet line 27, 28 of the outlet 
8 of the internal combustion engine 1 . It is also contemplated that the exhaust gas inlet 
lines 27, 28 may have different cross sections according to the flow cross sections of the 
inflow channels 24, 25. Each exhaust gas inlet line 27, 28 is assigned a partial number of 
cylinders of the internal combustion engine 1 . In the exemplary embodiment, the exhaust 
gas inlet line 27 is assigned the cylinders 18, 19, 20 and the exhaust gas inlet line 28 is 
assigned the cylinders 21 , 22, 23. A different allocation of the cylinders to the exhaust gas 
inlet lines 27, 28 is also contemplated. In addition, the internal combustion engine 1 may 
also have a different number of cylinders and a different design. 

[0022] An exhaust gas recirculation line 29 of the exhaust gas recirculation device 3 
branches off from the exhaust gas inlet line 27. The exhaust gas recirculation line 29 
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opens into the charge air line 9 just before the mouth of the charge air line 9 into the 
charge air distribution tube 1 1 . In addition to the exhaust gas recirculation line 9, the 
exhaust gas recirculation device 3 includes an exhaust gas recirculation cooler 30 and 
exhaust gas recirculation valve 3 1 . The exhaust gas recirculation valve 3 1 is designed as a 
throttle valve and is operable with an electric or pneumatic actuating element (not 
shown). The actuating element is triggerable via a signal line 32 by a controller 33 of the 
internal combustion engine 1 . Thus an exhaust gas recirculation is controllable by means 
of the exhaust gas recirculation device 3 and is adaptable to an engine characteristics map 
of the internal combustion engine 1 . The exhaust gas recirculation valve 3 1 is preferably 
provided close to the opening of the exhaust gas recirculation line 29 into the charge air 
line 9. Mounting the exhaust gas recirculation valve 31 in the exhaust gas recirculation 
line 29 near the mouth into the exhaust gas inlet line 27 or directly on the exhaust gas 
inlet line 27 is also contemplated. 

[0023] The compressor 4 is driven by the asymmetrical gas turbine 5. The compressor 4 
supplies the charge air required for combustion. The compressor 4 draws in the air 
required for combustion through an intake line 34 from the atmosphere. The compressed 
charge air flows through the charge air line 9 and the charge air cooler 10 into the charge 
air distribution tube 1 1 of the inlet 7 and through the charge air channels 12, 13, 14, 15, 
16, 17 and continues into the cylinders 18, 19, 20, 21, 22, 23 of the internal combustion 
engine 1. The exhaust gases of the cylinders 18, 19, 20, 21, 22, 23 flow into the exhaust 
gas inlet lines 27, 28 of the outlet 8 into the intake ports 24, 25 of the exhaust gas turbine 
5. The exhaust gas drives the exhaust gas turbine 5 and flows through an exhaust gas 
system 35, represented by an arrow in Figure 1, into the atmosphere. 
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[0024] Due to the different flow cross sections of the intake ports 24, 25, the exhaust gas 
pressures in the exhaust gas inlet lines 27, 28 are different. The partition 26 between the 
intake ports 24, 25 prevents an equalization of pressure between the intake ports 24, 25. 
The smaller flow cross section of the intake port 24 generates a negative purging gradient 
on the cylinders 18, 19, 20. Due to the negative purging gradient, the exhaust gas 
pressure is higher than the charge air pressure so that at least a portion of the exhaust gas 
flows into the charge air line 9 through the exhaust gas recirculation line 29 when the 
exhaust gas recirculation valve 31 of the exhaust gas recirculation device 3 is opened. 
The recirculated exhaust is cooled in the exhaust gas recirculation cooler 30 and thus 
serves to reduce NOx emissions in particular. The larger flow cross section of the intake 
port 25 results in a positive purging gradient on the cylinders 21, 22, 23, resulting in the 
highest possible efficiency. 

[0025] Due to the negative purging gradient, the purging of the cylinders 18, 19, 20 that 
supply the exhaust gas recirculation line changes in such a way that more exhaust 
remains in the cylinders 18, 19, 20 which supply the exhaust gas recirculation device 3 
and/or more gas flows back through the outlet 8 than in the cylinders 21, 22, 23 that do 
not supply the exhaust gas recirculation device 3 (internal exhaust gas recirculation). 

[0026] The charge air line 9 does not open centrally into the charge air distribution tube 
1 1 but instead opens eccentrically, so that at the cylinders 21, 22, 23, the charge air and 
the entrained recirculated exhaust flow into the charge air channels 15, 16, 17 on entering 
the charge air distribution tube 11. Thus the cylinders 21, 22, 23 which do not supply the 
exhaust gas recirculation device 3 receive the greater and/or total amount of the exhaust 
gas recirculated by means of the exhaust gas recirculation device 3. Therefore the ratio of 
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the internal exhaust gas recirculation and the exhaust gas recirculated by means of the 
exhaust gas recirculation device 3 to the charge air required for combustion in the 
cylinders 18, 19, 20, 21, 22, 23 of the internal combustion engine 1 is controllable. This 
advantageously results in a uniform distribution of emissions over all the cylinders of the 
internal combustion engine 1 . 

[0027] Another contemplated design of the inventive internal combustion engine 1 is one 
in which the cylinders 18, 19, 20 and the cylinders 21, 22, 23 each have separate air 
charging distribution tubes 1 1 and the exhaust gas recirculation line 29 opens only into 
the charge air distribution tube 1 1 that is assigned to the cylinders 21, 22, 23 that do not 
supply the exhaust gas recirculation device 3. 

[0028] Another contemplated design of the internal combustion engine 1 according to 
this invention is one in which the exhaust gas recirculated by means of the exhaust gas 
recirculation device 3 is sent directly to the air charging channels 15, 16, 17. 

[0029] An embodiment of the inventive internal combustion engine 1 in which the 
exhaust gas recirculation valve 31 is designed as a switched throttle valve is also 
conceivable. This makes it possible, for example, to add the recirculated exhaust gas to 
the charge air only when the charge air flows into a cylinder 21, 22, 23 that does not 
supply the exhaust gas recirculation device 3. 

[0030] Figure 2 shows a simplified diagram of the valve control times of the inventive 
internal combustion engine 1 . The diagram shows a valve lift diagram A for all the outlet 
valves of the cylinders 18, 19, 20, 21, 22, 23, a valve lift diagram B for the intake valves 
of the cylinders 21, 22, 23 and a valve lift diagram C of the cylinders 18, 19, 20 of the 
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internal combustion engine. The valve lift diagrams A, B, C are plotted in valve lift in 
millimeters as a function of the crank angle in degrees of crank angle. 

[0031] In addition or as an exclusive measure for the inventive internal combustion 
engine 1 illustrated in Figure 1, the valve control times of the cylinders 18, 19, 20 
supplying the exhaust gas recirculation device 3 are varied in the manner according to 
this invention so that the intake valves and outlet valves of the cylinders 18, 19, 20 
supplying the exhaust gas recirculation device 3 have shorter valve overlap times or none 
at all in comparison with the cylinders 21, 22, 23 that do not supply the exhaust gas 
recirculation device 3. As shown in the diagram, the valve control times of all the outlet 
valves always remain unchanged while the valve control times of the inlet valves of the 
cylinders 18, 19, 20 which supply the exhaust gas recirculation device 3 are retarded by 
5° of crank angle. The inner exhaust gas recirculation in the case of the cylinders 18, 19, 
20 which supply the exhaust gas recirculation device 3 is advantageously significantly 
reduced even at a negative purging gradient. 

[0032] It is thus possible to counteract the overproportional internal exhaust gas 
recirculation on the cylinders 18, 19, 20 that supply the exhaust gas recirculation device 3 
and to uniformly distribute the emissions over all the cylinders of the internal combustion 
engine. In contrast with that, the exhaust gas recirculated through the exhaust gas 
recirculation device 3 in the case of the internal combustion engine 1 according to Figure 
1 is divided differently among the individual cylinders 18, 19, 20, 21, 22, 23 of the 
internal combustion engine 1 in order to distribute the emissions uniformly over all the 
cylinders of the internal combustion engine. 
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[0033] The foregoing disclosure has been set forth merely to illustrate the invention and 
is not intended to be limiting. Since modifications of the disclosed embodiments 
incorporating the spirit and substance of the invention may occur to persons skilled in the 
art, the invention should be construed to include everything within the scope of the 
appended claims and equivalents thereof. 
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